Background and objectives-In 2007, the Emory Transplant Center (ETC) kidney transplant program implemented a required educational session for ESRD patients referred for renal transplant evaluation to increase patient awareness and decrease loss to follow-up. The purpose of this study was to evaluate the association of the ETC education program on completion of the transplant evaluation process. Design, setting, participants, & measurements-Incident, adult ESRD patients referred from 2005 to 2008 were included. Patient data were abstracted from medical records and linked with data from the United States Renal Data System. Evaluation completion was compared by preand posteducational intervention groups in binomial regression models accounting for temporal confounding.
Introduction
Kidney transplantation is the preferred treatment for ESRD patients and is associated with increased quality of life and reduced morbidity and mortality compared with dialysis (1) . Despite strong evidence for improved quality of life and survival after transplantation, there is a large gap between the number of patients who need a kidney transplant and the number of available organs (2) . Racial disparities in access to kidney transplantation have been documented in several steps in the renal transplant process, including referral, evaluation completion, and waitlisting (3) (4) (5) (6) (7) (8) (9) . The reasons for the disparities are likely multifactorial, and they may not be entirely explained by clinical factors (10) (11) (12) . Lack of patient education about kidney disease and the renal transplant process may be one explanation for disparities observed in completion of transplant evaluation (13) (14) (15) .
Evidence to guide interventions to reduce disparities in access to earlier steps of the renal transplant process, including evaluation completion, is limited. In mid-2007, the kidney transplant program at the Emory Transplant Center (ETC) implemented a formal educational intervention to better inform patients of the transplant process and decrease loss to followup of patients evaluated for renal transplantation. The purpose of this study was to determine if the intervention increased the proportion of patients completing the formal evaluation process and improved or hindered access to renal transplantation among black patients and individuals with lower socioeconomic status (SES).
Materials and Methods

Data Sources
Patient demographic, clinical, and follow-up data were obtained from EC hardcopy and electronic medical records. ETC patient data were linked with United States Renal Data System (USRDS) surveillance data to obtain patient information at the time of ESRD start. Patient residential addresses were geocoded and assigned a census tract using ArcGIS 9.2. Data on neighborhood poverty by census tract were obtained from the American Community Survey 2005-2009.
Study Population
A total of 2694 adult (age>18years) ESRD patients were referred to the ETC for kidney transplant evaluation from January 1, 2005 to March 31, 2008. Of these patients, 1519 patients started the kidney transplant evaluation process. The following exclusion criteria were applied: (1) patients missing a home address, having an address listed as a PO Box (n=7), or having a residential address outside of the southeast (GA, AL, FL, SC, NC, and TN) region (n=83); (2) patients who reported other race or Hispanic ethnicity (n=130); (3) patients with no USRDS record (n=57); and (4) patients listed at other transplant centers before referral (n=116). A total of 1126 patients were included in the final study population ( Figure 1 ).
Explanatory Variables
The primary exposure variable for all analyses was attendance at the formal educational session. Patients starting the evaluation process after September 4, 2007, were required to attend a formal educational session consisting of an in-center, half-day patient education class involving lectures and discussions from a transplant co-ordinator, financial coordinator, and social worker. These patients were assigned to the posteducational intervention group. Education before September 4, 2007, was decentralized and less structured, with various elements of the education occurring during the evaluation process. These patients were defined as the pre-educational intervention group.
The secondary exposure of interest was self-reported race (black or white) based on data collected from the ETC at the time of renal transplant evaluation.
Patient-Level Covariates
Patient demographic and clinical characteristics collected at the time of transplant evaluation included age, sex, etiology of ESRD, body mass index >35 kg/m 2 , and time on dialysis. To obtain information about a patient's health status at the time of ESRD start, patient data were obtained from the USRDS medical evidence form (CMS 2728 form). Clinical variables included predialysis erythropoiesis-stimulating agent use (yes/no), hemoglobin (<11 versus ≥11 g/dl), serum albumin (<3.5 versus ≥3.5 g/dl), history of cardiovascular disease (CVD), tobacco use (yes/no), and history of cancer (yes/no) at dialysis initiation.
We defined individual SES using health insurance, highest education, and employment status. Health insurance at the time of ESRD start and at the time of evaluation was categorized as private (employer), Medicare, or Medicaid. Patient SES data were abstracted from the psychosocial evaluation or history and physical notes from patient records.
Neighborhood-Level Covariates
We estimated neighborhood SES with the 2005-2009 American Community Survey data on the proportion of individuals residing below the poverty line within the area. We categorized high poverty as a neighborhood with at least 20% of census tract residents living below the federal poverty line.
Outcome Variables
The primary outcome was completion of the evaluation process within 1 year (yes/no) defined by the date a patient completed all evaluation requirements as deemed by the multidisciplinary transplant team. We also examined the time (in days) from evaluation start to completion.
Statistical Analyses
Differences in the means and proportions of baseline patient demographic and clinical characteristics by pre-and postintervention group were examined using chi-squared and t tests and ANOVA. The proportion of patients completing the evaluation process within 1 year was calculated by pre-and posteducational intervention groups. To determine whether evaluation completion differed from pre-to post-eras among disadvantaged groups, we calculated the proportion of patients completing the evaluation by intervention group for each racial and socioeconomic group. A multivariable, binomial regression model was developed to assess the effect of the educational intervention on evaluation completion, while considering the multilevel effects of both individual and neighborhood (census tract) effects. To control for time trends over the cohort follow-up period, we adjusted analyses for time of entry into the study cohort (in days; centered at the median time of follow-up) for each patient to account for temporal confounding by unmeasured factors that affect time trend independent of the intervention.
To investigate our hypothesis that the effect of the educational intervention varied by race and SES, we examined effect modification of the intervention and race for each SES variable in binomial regression models using the likelihood ratio (LR) test to assess significance. If interaction was detected, the risk ratio (RR) and corresponding 95% confidence intervals (CIs) for the effect of the intervention on evaluation completion was explored among each subgroup.
To determine whether the time from evaluation start to completion at 1 year varied by intervention group, we examined the time (in days) from evaluation start to completion using Kaplan-Meier methods and the log-rank test for significance. Furthermore, because 25 people died during the 1-year follow-up period, we also examined the crude and multivariable-adjusted effects of the educational intervention in Cox Proportional Hazards models (16) . Patients were censored at death or after 365 days of follow-up. The robust sandwich variance estimator with census tract as the cluster variable was used to examine neighborhood-and individual-level covariates simultaneously, while also accounting for potential correlation of patients within neighborhoods (17) . For all analyses, two-tailed P<0.05 was considered statistically significant. ArcGIS 9.2 was used for geocoding and spatial joining. SAS 9.2 was used for all statistical analyses. This study protocol was approved by the Emory Institutional Review Board.
Sensitivity Analyses
To reduce the potential impact of confounding by time period effects in our study, we restricted the analyses to a 6-month time period that compared pre-and postintervention groups from May of 2007 to December of 2007 only and calculated crude and multivariableadjusted RR values to examine the effect of evaluation completion by group.
Detailed SES data were only abstracted for patients evaluated at ETC through March of 2008, and thus, the two groups (pre-and posteducational interventions) were unequal in size. To examine whether the smaller, postintervention group was different from patients evaluated after this period, we also examined evaluation completion among patients evaluated in the 2 years after the study in sensitivity analyses.
Results
Study Population Characteristics
Among the 1126 adult ESRD patients evaluated for kidney transplant candidacy at the ETC, the mean age was 50. 5 history of CVD (Table 1 ). More than one-half (57.6%) of the study population had private health insurance, over 80% had at least a high school education, and 34.1% were employed at the time of evaluation start. Compared with patients in the pre-educational intervention group, a greater proportion of patients who started the evaluation process at the ETC after the intervention was implemented was black (63.4% in post-versus 57.2% in preintervention group, P=0.07), had a history of CVD (48.0% versus 37.0%, P=0.001), and had been on dialysis >24 months (28.5% versus 20.7% preintervention, P=0.04).
Evaluation Completion
One-year evaluation completion was significantly higher in the post-versus pre-educational intervention group (44.7% in the pre-and 80.4% in the postevaluation groups), with the overall probability of evaluation completion 1.7 times higher than the probability of evaluation completion among the pre-educational intervention group (crude RR=1.72, 95% CI=1.51-1.95). In multivariable-adjusted analyses that also accounted for temporal confounding, this effect was attenuated but significant (RR=1.38; 95% CI=1.12-1.71).
Increases in evaluation completion were observed across all racial and socioeconomic groups. In the pre-educational intervention group, significant differences in evaluation completion within racial and socioeconomic subgroup were observed, where a greater proportion of patients completing the evaluation were white versus black (49.7% versus 41.0%), had private insurance (51.1%) versus Medicare (42.1%) or Medicaid (30.2%), had at least some college education (53.2%) versus less than a high school degree (28.8%), and lived in wealthy (48.8%) versus poor (34.5%) neighborhoods (P<0.01 for all). However, after implementation of the educational intervention, no significant differences were observed by racial or socioeconomic group (Table 2 ).
In multilevel analyses accounting for potential correlation of patients living in the same neighborhood and adjusting for sociodemographic and clinical characteristics and the potential confounding by time period, the effect of the intervention varied across racial and socioeconomic groups. Figure 2 shows the crude and multivariable-adjusted RR and corresponding 95% CI values for evaluation completion by racial and socioeconomic group.
The intervention significantly improved the probability of 1-year evaluation completion among black (RR=1.46, 95% CI=1.11-1.94) but not white (RR=1.02, 95% CI=0.75-1.38) patients (LR P value=0.02), and it was higher among patients living in poor (RR=1.65, 95% CI=0.98-2.78) than wealthy neighborhoods (RR=1.28, 95% CI=1.01-1.62; LR P value= 0.01).
Kaplan-Meier estimates showed consistent results. The median time to evaluation completion was 378 days (interquartile range=198-656) among patients in the pre-and 204 days (interquartile range=116-309) among patients in the postintervention group (log-rank P<0.0001) ( Figure 3 ). In crude Cox models, the rate of completion was more than two times as high among patients in the post-versus pre-educational intervention group (hazard ratio=2.20, 95% CI=1.77-2.73, P<0.0001) but was attenuated in multivariable-adjusted results accounting for time period effects (hazard ratio=1.32, 95% CI=0.97-1.79). Subgroup analyses examining the effect of the intervention among racial and socioeconomic groups were consistent with binomial regression analyses, where the effect of the intervention was more pronounced among black patients and those patients living in poor neighborhoods (LR P value for interaction< 0.05).
Sensitivity Analyses
Analyses examining the probability of evaluation completion by intervention group among only renal transplant evaluations from May of 2007 to December of 2007 resulted in nearly identical results to the main analyses that adjusted for time period cohort effects. Racial and SES subgroup analyses examining evaluation completion were also consistent (results not shown).
We examined the demographic and clinical characteristics of patients evaluated from 2008 to 2010 and compared them with patients included in the intervention group of this study. Patient characteristics were similar, and the effect of the intervention was sustained throughout the 2-year period. For example, among patients evaluated from 2008 to 2010, a total of 79.7% completed the evaluation at 1 year (versus 80.4% in the study intervention group). Racial differences were fairly consistent, with 82.4% of white patients completing the evaluation at 1 year versus 78.3% of black patients.
Discussion
This retrospective assessment of a single-center patient education program for renal transplant candidates showed that the probability of completing a renal transplant evaluation was higher after the implementation of a patient education program. Although randomization of the formal education program would have been ideal to eliminate the potential for confounding by time, a randomized trial would have been costly, and the results would be limited in their generalizability. Our analysis offers an efficient, replicable method to compare the effect of a historical intervention on all patients evaluated. Results of this study suggest that requiring a formal patient education class may have improved both the efficiency of the transplant process and access to renal transplantation for poor and minority patients.
Although clinical guidelines for the evaluation of renal transplant candidates have been developed, comprehensive recommendations for the content and format of the patient education component of the evaluation process do not currently exist (18) . There are few, if any, evaluations of interventions to improve racial disparities in access to kidney transplantation. A retrospective comparative effectiveness study that evaluates the impact of a formal, in-center patient education program compared with no formal education is costefficient, and the design and analysis of the present study is simple to replicate in other centers. In addition, the present study is novel in its focus on completion of the transplant evaluation, a crucial early step in the renal transplant process. Furthermore, this study is the first study that we are aware of that examines how an education program impacts access to renal transplant evaluation by examining levels of both individual-and neighborhood-level SES.
whites, even after accounting for individual-and neighborhood-level SES (3). In our study, white (vs. black) patients were significantly more likely to complete the evaluation process before the implementation of the educational intervention, but these disparities in evaluation completion were attenuated after the educational intervention. Prior studies have suggested that minorities have decreased access to transplant because of decreased awareness of transplantation and that disparities are alleviated among patients with higher education (19) . One potential explanation for the increased evaluation completion that we observed among poor and black patients is that the formal patient educational session better informed patients about the transplant process through the group question and answer session, where all attendees and their family members could benefit from the tailored answers to patient questions about the transplant process. This finding may also explain why evaluation completion increased for all patients, regardless of race or SES level. Health literacy is also associated with access to transplant (20) , and the emphasis on interactive patient education may be one reason why patients with lower SES saw an improvement in evaluation completion after the intervention at our center. An additional explanation may be that the formal education session indirectly improved evaluation completion. For example, the incenter class may have promoted an opportunity for patients to develop sustained relationships with other patients and members of the transplant team, thereby improving attendance at follow-up visits.
This study has several strengths. The racial distribution of our study (61% black) provides us with sufficient power to examine racial and socioeconomic differences in evaluation completion by intervention group. We assessed poverty by both individual-and group-level estimates of SES, which permitted the evaluation of poverty in a multilevel framework.
Research suggests that, among area-based socioeconomic measures, census-tract level analyses yield the most consistent, robust, and sensitive results (21) . National studies that examine access to transplant typically consider all dialysis patients as eligible for a renal transplant. However, not all patients are eligible for transplant because of medical comorbidities (22) . Studies that examine disparities in transplant steps typically use waitlisting as a proxy for evaluation completion, but because United Network for Organ Sharing implemented a policy to allow patients to list before evaluation completion, assessing disparities in evaluation completion by using waitlisting as an endpoint may not provide a valid assessment. A strength of this study is the measurement of evaluation completion as a separate outcome from waitlisting, because we were particularly interested in understanding the patient-driven reasons for evaluation completion rather than medical reasons.
The limitations of this study must be noted. First, confounding is a methodological challenge for all observational studies. However, the underlying cohort of patients from pre-to postintervention groups was similar over time with respect to socioeconomic, demographic, and clinical characteristics, indicating that these factors are unlikely to be confounders of the association of the effect of the intervention on evaluation completion. Because this study compared two separate periods in time, controlling for temporal confounding is a methodological challenge. However, we assessed time trends and found that time period effects were not entirely responsible for the observed differences before and after implementation of the formal education program. Furthermore, the effect of the formal education program seems to have been sustained for 2 years after the intervention. Second, information on the reasons that a patient had incomplete evaluation requirements was unknown; prospective studies should aim to collect this information. Third, because the study population reflects the referral population of a single center, our findings may not be generalizable to other centers. Fourth, although we have several individual-level SES measures and a sensitive measure for neighborhood SES, these measures are unlikely to completely capture a patient's poverty level.
In a diverse ESRD population in the southeastern United States, racial and socioeconomic disparities in evaluation completion were attenuated after the implementation of a required patient education program for patients referred for renal transplantation. Standardizing transplant education may help reduce inequity in access to renal transplantation in the southeastern United States. As a proof of concept study, these results may also give other transplant centers an idea of how to design and evaluate their own center's educational programs. Because requirements for patient education vary by dialysis facility and transplant center, national surveillance systems should aim to collect information about patient educational programs to examine equitability in the renal transplant evaluation process and aid in developing recommendations for national guidelines for patient education in the kidney transplant process.
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